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Abstract 
Transpired Solar Collectors (TSCs) are used around the world for pre-heating of ventilation air in buildings and agricultural 
drying.  The current generation of TSCs tend to use pre-finished steel for the perforated absorber and coatings which were not 
principally designed for solar thermal applications. This means that while they have a relatively high absorptivity, they also have 
a high-emissivity, which results in high radiative losses when operating at low flow rates. A number of studies have shown that 
development of a low-emissivity coating for TSCs could lead to increased energy savings for the current range of applications 
and enable their use in solar cooling. This paper reports on the development of a new long-life (design life of over 50 years) low-
emissivity (less than 0.30) coating for TSCs that will enable them to achieve a higher air temperature rise when operating at a low 
flow rate. In addition, the architecturally attractive appearance of the new low-emissivity coating may increase the appeal of 
TSCs to architects, thereby broadening the range of buildings with which they may be incorporated. 
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1. Introduction 
Transpired Solar Collectors (TSCs) are a type of once-through solar air heater and are used around the world for 
pre-heating of ventilation air in buildings and agricultural drying [1,2]. They increase the temperature of air by 
passing the air through a solar heated perforated metal sheet (as the outside air passes across the surface of the sheet 
and through the perforations, which are distributed evenly throughout the sheet, heat is transferred by convection 
from the metal sheet to the air). Figure 1 shows a simplified schematic of TSC. The potential air temperature rise, 
defined as the difference between the outside air temperature and the temperature of the air exiting the perforated 
sheet, is dependent upon the environmental conditions (air temperature and solar radiation), perforation design, 
coating characteristics, flow rate and the uniformity of the flow travelling through the perforated sheet area [3]. 
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The coatings used in the current generation of TSCs were not principally designed for solar thermal applications 
and thus, in comparison to other types of solar thermal collectors, their emissivity is relatively high. This means that 
operating TSCs at low suction velocities and at times of high solar radiation will result in relatively high radiation 
heat losses. Lowering the emissivity of a TSC absorber coating would minimise these radiation heat losses and 
enable TSCs to efficiently deliver higher air temperature rises. This was an area of future research identified by the 
National Renewable Energy Laboratory (NREL) in their original work on TSCs where they stated that the 
development of “selective surface absorbers would be useful in achieving higher collector temperature rise” [p.188] 
[4]. 
 
 
 
 
 
 
 
 
 
Fig. 1. Simple schematic showing a transpired solar collector with low-e coating on the perforated sheet 
This paper reviews the current coatings used for TSCs, provides a summary of the previous research into Low-
Emissivity TSCs (Low-E TSCs) and presents the characteristics of a low-emissivity coating currently being tested 
by Energy Transitions for high temperature and architectural TSC applications. 
2. Current absorber coatings 
Modern flat plate and evacuated tube solar thermal absorbers generally use low-emissivity, also known as 
spectrally selective, coatings or surface treatments to reduce radiative heat loss from the absorber to the relatively 
cold environment. There are a wide range of commercially available low-emissivity coatings and the selection of 
coating depends upon a wide range of factors such as cost, performance and stability. Commercially available low-
emissivity coatings have solar absorption of around 0.95 and thermal emittance of around 0.05 [5,6]. 
Currently TSC absorbers are manufactured from either pre-finished aluminum or pre-finished steel sheets that are 
commonly used in the construction of industrial buildings. For example, Enerconcept Technologies use coatings 
such as KYNAR 500® PVDF [7,8], which is a polyvinylidene difluoride “resin used by licensed industrial paint 
manufacturers as the base resin in long-life coatings for aluminum, galvanized steel, and aluminized steel” [9] and 
which is commonly used for applications such as metal roofing and curtain walls. Most TSC manufacturers offer 
different color options, with the lighter colors having lower absorptivity and thus reduced performance. Choice of 
coating will be a balance between color and thermal performance. 
The absorptivity of the highest performance of these coatings is around 0.94 and their emissivity is around 0.88 
(see Table 1). Thus whilst the absorptivity of TSC absorber coatings almost match those used on flat plate and 
evacuated tube absorbers, their emissivity is far higher (0.88 compared with 0.05). 
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     Table 1. Absorptivity and emissivity of existing high performance TSCs [10] 
Product Supplier Absorptivity Emissivity 
Conserval Systems, Inc. (1 & 2 Stage) 0.94 0.88 
Enerconcept Technologies (Lubi) 0.93 0.88 
Matrix Energy (DT & TR) 0.94 0.88 
3. Previous research into low-emissivity coatings 
3.1. Modelled instantaneous performance 
Leon & Kumar [11] studied the parameters which effect the performance of a modular TSC using a modified 
form of the steady-state heat balance method initially developed by Kutscher [12]. Whilst the model developed by 
Kutscher takes into account emissivity, it was originally experimentally validated using a perforated absorber coated 
with a “flat black paint” [p.395] [12] (presumed to be a non-selective paint). 
Leon & Kumar [11] concluded that for a given perforation design, the most important factors influencing the 
efficiency of the collector were the absorptivity and approach velocity (strong effect), followed by emissivity 
(moderate effect). The authors also note that “the effect of emissivity on the heat output and therefore efficiency is 
significant at high outlet air temperatures (over 50 °C)” [p.73] [11]. Figure 2 shows the results of Leon & Kumar’s 
[11] modelling on the effect of emissivity on thermal efficiency for different approach velocities, comparing a High-
E TSC (absorptivity = 0.95, emissivity = 0.85) against a Low-E TSC (absorptivity = 0.95, emissivity = 0.25). The 
plot demonstrates how emissivity has a stronger effect on efficiency at low approach velocities, that is, when the 
difference between the surface temperature of the collector and the temperature of the environment is the highest. 
Fig. 2. Effect of emissivity on collector thermal efficiency [11] 
3.2. Early experimental performance 
MacGregor & Kennedy [13] tested a residential-scale Low-E TSC constructed by sticking a sheet of Maxorb foil 
(absorptivity = 0.95, emissivity = 0.06) to a perforated aluminum plate painted black (absorptivity = 0.96, emissivity 
not reported). The outdoor test results (at Napier University) showed that contrary to theory, there was “very little 
benefit” [p.333] [13] in using the low-emissivity coating. The authors hypothesized that this lower than predicted 
performance was because of the very low suction velocities being used during the testing of the collector (less than 
0.01 m.s-1 during “fairly windy weather” [p.333] [13]). TSCs operating at suction velocities below 0.02 m.s-1 are 
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known to experience significant performance degradation due to wind effects (outflow and poor flow uniformity) 
[14]. In practice, the Maxorb low-emissivity coating would not be suitable for TSCs due to the relatively poor 
atmospheric corrosion resistance. 
3.3. Low-E TSCs for space cooling 
Early in the development of TSCs, the NREL modelled the performance of Low-E TSCs (absorptivity = 0.90, 
emissivity = 0.10) as part of a solar powered desiccant cooling system (the heated air from the Low-E TSC was used 
to regenerate the desiccant wheel) [15]. The results shows that “although the area required for the unglazed collector 
[Low-E TSC] was 69% more than that required for the glazed collector… the simple payback period of the unglazed 
system was half of the payback period of the glazed collector” [p.1] [15]. When the system was compared with a 
natural gas powered system however, the Low-E TSC driven desiccant cooling system was found economically less 
attractive (due to the low cost of natural gas at the time of the study) and that a barrier to the commercialization of 
such a system was the challenge of designing a suitable coating that could maintain “a very low emissivity for a long 
period of time” [p.7] [15]. 
3.4. Low-E TSCs for space heating 
The energy and economic performance of modular Low-E TSCs were investigated by Kozubal et al. [16] for 
commercial applications in the U.S. Figure 3 shows the modelled performance of a modular Low-E TSC 
(absorptivity = 0.94, emissivity = 0.20) and a modular High-E TSC (absorptivity = 0.94, emissivity = 0.96) installed 
on the roof of a retail store in Boulder, Colorado (collector area = 5,950 ft2). The results showed that using a low-
emissivity coating could improve the annual energy delivered by the TSC by 40 % and improve Internal Rate of 
Return (IRR) by around a third (assuming equal absorber costs). 
Kozubal et al. [16] concluded that a low-emissivity coating could enable the modular TSC to achieve higher 
efficiencies at lower approach velocities and deliver more useful energy over the course of a year. The authors note 
however that they were not able to assess the “practical aspects of cost, visual appearance, and maintenance” [p.3-
194] [16] of the Low-E TSC because “special care to preserve the coating’s performance (which was not reflected in 
this analysis) complicate the analysis and should be studied further before determining its potential as an alternative 
design” [p.3-198] [16]. 
Fig. 3. (a) Comparison of annual energy delivered and (b) internal rate of return for modular high-emissivity and modular low-emissivity TSC 
situated in Boulder, Colorado [16] 
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3.5. Atmospheric stability of Low-E coatings 
Previous research has thus shown that, in theory, the application of a low-emissivity coating to a TSC will 
provide a significant performance improvement over existing coatings and could potentially open up new markets, 
for example cooling. There has however been limited success in developing and demonstrating the performance of a 
TSC with a low-emissivity coating that has sufficiently high atmospheric corrosion resistance that would enable it to 
withstand the outside conditions experience by TSCs. 
4. Low-emissivity coating for TSCs 
4.1. Low-emissivity coating 
Energy Transitions have developed and are testing a new type of TSC with architecturally attractive low-
emissivity coating (emissivity у 0.15). Long-term atmospheric corrosion tests of the coating in marine environments 
have shown that there is little change in color over time and in atmospheric thermal stability testing the coating has 
been demonstrated to withstand temperatures up to 250 °C without deterioration of solar absorptivity. The low-
emissivity coating can applied to large volumes of steel, does not use any exotic materials and the resulting low-
emissivity sheet can be punched and profiled using existing fabrication equipment. The coating is therefore 
considered to be suitable for the type of atmospheric conditions experience by TSC installations. 
4.2. Absorptivity and emissivity 
The solar absorptivity of the coating was determined by testing a range of coating samples in a Perkin Elmer 
LAMBDA 750S UV/VIS/NIR Spectrophotometer (samples varied in color and surface texture). The testing showed 
that the solar absorptivity between 0.50 and 0.90 could be achieved, with the variation in absorptivity being a result 
of the color and post-coating surface treatment. Figure 4 shows the absorption characteristics of the highest 
performance coating (absorptivity у 0.90, emissivity у 0.15), highlighting the high absorptivity at low wavelengths 
and the drop in absorptivity at high wavelengths. 
Fig. 4. Spectral absorptivity of low-emissivity coating 
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The emissivity of the samples were measured using a D&S Emissometer Model AE1 at 23C +/-2 °C. It was 
found that all of the samples had a low-emissivity, with the samples showing an emissivity at room temperature 
between 0.14 and 0.26. 
4.3. Pressure drop 
In the design of the TSC absorber, the pressure drop across the perforated absorber is critical to ensure the 
collector performs optimally [14]. To test the pressure drop, a 0.5 m by 0.5 m Low-E TSC absorber was built and 
the suction velocity across the plate was varied. Figure 5 shows a plot comparing the measured pressure drop across 
the Low-E TSC absorber with the modelled pressure drop. The results show that a 25 Pa pressure drop across the 
plate can be achieved with a suction velocity of 0.02 m.s-1. 
 
Fig. 5. Low-E TSC plate pressure drop against suction-face velocity 
4.4. Predicted instantaneous performance 
In-situ tests are currently underway to determine the actual thermal performance of the Low-E TSC. Figure 6 
shows the predicted air temperature rise for increasing solar radiation levels for the full range of Low-E TSC 
coatings and for the highest performance High-E TSC coating (suction velocity is set at 0.02 m.s-1, the air 
temperature is set at -5 °C and the heat exchange effectiveness of the perforated sheet is 0.68). 
The TSC model suggests that the Low-E TSCs with an absorptivity above 0.78 will perform better than the 
highest performance High-E TSC. For a grey colored High-E TSCs (absorptivity = 0.90, emissivity = 0.88), the 
equivalent Low-E TSC absorptivity is 0.75. For a given absorptivity, the improvement in air temperature rise of a 
Low-E TSC over a High-E TSC is 20 %. At lower suction velocities, which maybe applicable to process heating 
applications, the improvement in performance of the Low-E TSC over the High-E TSC will be higher. 
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At the conditions  modelled, the critical radiation level (air temperature rise = 3°C) for the Low-E TSC is 93 
W.m-2 and for the High-E TSC is 105 W.m-2. 
 
Fig. 6. Air temperature rise for the range of Low-E TSC coatings and for the highest performance High-E TSC coating (Abs = absorptivity, Emis 
= emissivity) 
4.5. Architectural opportunities 
In addition to the improvement in thermal performance, the coating being used can be textured and thus, not 
taking into account the different structural forms (planks, cassettes [17], profiled sheets and shingles), the absorber 
area or the geometry of the Low-E TSC, there are over 200 permutations of the coating (with variations in color, 
finish and texture). This means that there is an opportunity for every Low-E TSC to be a unique architectural 
creation with little or no compromise on thermal performance. Also, as the design life of the coating is over 50 
years, it means that TSCs can be confidently integrated with non-industrial (office, high-rise residential etc.) 
buildings. 
5. Conclusions 
In theory, applying a low-emissivity coating to a TSC will improve its performance by reducing the radiation 
heat losses. The development of a viable low-emissivity coating for TSCs has however been challenging due the 
high atmospheric corrosion resistance required due to the lack of a protective cover. Previous research has shown 
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that if such a coating could be developed, it would not only improve the performance of TSCs for space heating, but 
also potentially open up new markets such as solar cooling via the regeneration of desiccants. Energy Transitions is 
currently testing a long-life architecturally attractive low-emissivity coating for TSCs which has the potential to not 
only improve the thermal performance of TSCs, but also increase the appeal of TSCs to architects by allowing 
variation in form, color and texture. 
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